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Abstract. The digital age has changed the business paradigm with digital 

marketing becoming a key element in dealing with modern market 

dynamics. Changes in consumer behavior in online content consumption 

encourage companies to utilize digital technology to reach a wider audience 

and connect personally. A deep understanding of consumer buying behavior 

is essential, enabling companies to design responsive and relevant marketing 

strategies. This research also highlights the importance of segmenting 

customer buying behavior in the face of intense competition. Through 

clustering analysis using the Gaussian Mixture Model (GMM) algorithm, 

consumer spending data is reduced and grouped into clusters that allow 

companies to understand consumer preferences and tendencies. The 

experiment shows that there are 4 optimal cluster as basic information for 

further analysis. Each cluster leads to marketing strategies, such as 

emphasis on health and active lifestyles, increased sales of specific products, 

and education of low-spending clusters. This analysis also emphasizes the 

importance of data preprocessing and feature selection in ensuring the 

accuracy of clustering results.  

Keywords: clustering analysis, Gaussian Mixture Model, marketing strategies 

1 Introduction 

The digital era continues to evolve, digital marketing is not only a business strategy, 

but has become an indispensable key element in dealing with modern market dynamics 

[1]. Changes in consumer behavior, especially in terms of online content consumption, 

have encouraged companies to leverage digital technology to reach a wider audience 

and connect more personally [2].  Understanding how consumers purchase behavior 

has become a crucial element in effectively running business operations in a rapidly 

changing market. The term “customer buying behavior” refers to the diverse activities, 

thoughts, and emotions that buyers experience when choosing a product [3]. This 

complex and dynamic process is influenced by a few factors, both internal and external, 

such as personal beliefs, social standards, marketing, and product characteristics [4]. 

The many factors that influence the buying process make a deep understanding of 

consumer behavior essential for the success of companies during intense competition. 
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In fact, a mature understanding of these dynamics allows companies to design market-

ing strategies that are not only responsive but also relevant to the rapidly changing 

needs of the market. The success of digital marketing lies not only in reaching a wider 

audience, but also in the company's ability to establish a more personalized connection 

with consumers [5]. This era demands more than just product promotion, companies 

need to create engaging and relevant experiences for their consumers. Therefore, holis-

tically understanding the term “customer buying behavior” is key for companies that 

want to build solid and sustainable relationships with their customers [1]. Segmentation 

and strategy customization are becoming increasingly important to meet the increas-

ingly diverse needs of various consumer segments. In this context, a marketing para-

digm shift is becoming increasingly important. It is not only about how products are 

marketed, but also about how companies understand and respond to the needs and de-

sires of customers in various segments. By knowing the segmentation of customer pur-

chasing behavior, companies can make marketing approaches based on consumer pref-

erences [6]. 

 

In the competitive business world in the research that has been done, the advantages 

that can be the key for a company to be able to survive in the competitive world of 

companies, namely being able to understand consumer tastes and needs and being able 

to provide more satisfaction than what is offered. Digital marketing approaches are 

more effective through segmentation analysis of purchasing behavior, companies can 

determine different preferences, needs, and motivations among certain consumer 

groups [7]. For example, a group of consumers who already have a family may prefer 

health-focused marketing, while a group of consumers who do not have a family may 

be more interested in things that are considered luxurious. By better understanding cus-

tomer buying behavior, companies can design more targeted marketing campaigns. 

 

One of the approaches that this research focuses on for segmenting consumer purchas-

ing behavior is the utilization of clustering techniques. Clustering, as a modern data 

analysis method, plays a crucial role in breaking down datasets into homogeneous 

groups based on similar characteristics [8]. In the context of dynamic consumer pur-

chasing behavior, clustering techniques not only provide an in-depth understanding of 

patterns that may be missed directly, but also provide a foundation for thoroughly ex-

ploring the variety and complexity of consumer behavior. Companies can apply clus-

tering techniques to group consumers based on diverse criteria, ranging from purchase 

patterns, purchase frequency, to brand preferences [9]. The results of clustering analysis 

not only provide comprehensive insights into the needs and motivations of each con-

sumer group, but also open the opportunities to customize marketing strategies with a 

higher degree of precision. The application of data artificial intelligence in the cluster-

ing process opens the door to deeper understanding. By collecting and analyzing data 

thoroughly, companies can identify complex patterns, uncover hidden variables, and 

respond to trends that may go undetected with traditional methods. This innovation can 

help companies to design marketing strategies that are more adaptive and responsive to 

the changing dynamics of consumer behavior [10]. 
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The solution of using clustering in consumer buying behavior research is not only an 

innovative move, but also a long-term investment to maintain a competitive advantage. 

In the era of ever-evolving digital marketing, companies that can deeply understand and 

quickly respond to the complex dynamics of consumer behavior will have an advantage 

in creating more personalized, relevant, and satisfying experiences for each consumer 

segment [11]. Thus, the application of clustering technology not only provides a deeper 

understanding of consumer behavior, but also allows companies to proactively adjust 

their marketing approach. Through this approach, companies are expected to build 

stronger relationships with consumers, create loyalty, and hopefully win the competi-

tion in an ever-changing market. 

2 Methodology 

This research has several steps starting from the preliminary stage to the evaluation 

stage. In general, this research will be divided into 3 major stages, namely: (1) Data 

Collection Stage, (2) Data Preparation Stage, and (3) Clustering Stage. The research 

stages in are explained as follows: The data collection stage begins through literature 

studies on previous research relevant to this topic. The next stage is data preparation 

before the data will be clustering, and the last stage is clustering to draw conclusions 

on the clustering results. Customer segmentation helps in understanding the needs and 

preferences of different customer groups. By dividing the market into smaller segments, 

companies can tailor their marketing, sales, and customer service strategies more effec-

tively. This enables better focus on the specific characteristics of each segment, allow-

ing companies to provide better added value and build stronger relationships with cus-

tomers. The second stage is understanding and selecting the dataset that will be the 

topic of research. This stage is necessary to understand the problem that needs to be 

solved and set the goals to be achieved. Third, preprocessing is an important stage in 

data processing to improve the quality and sustainability of the analysis. At this stage, 

the data that has been obtained will undergo a series of transformations. Some common 

steps in preprocessing involve data cleaning from noise, normalization to scale the data, 

and feature extraction to detail relevant information. Data cleaning involves identifying 

and handling invalid, missing, or ambiguous data. Normalization helps in ensuring that 

the data has a uniform scale, so that no attribute dominates the other. Fourth, data ex-

ploration stage, data analysis is presented in the form of visualizations to easily under-

stand data, correlations, and others. In this stage, several features are added such as age 

which is obtained by the customer's date of birth column, the marketing acceptance 

feature which sums up all ‘AcceptedCmp’ columns and the ‘Response’ column as a 

representative of whether the customer accepts marketing offers or not at all.  

 

a) Finding the Optimal Number of Clusters 

Finding the optimal number of clusters using the Bayesian Information Criterion (BIC) 

algorithm, Bayesian Information Criterion (BIC) is a statistical model evaluation 

method used to select the best model from a few alternative models [12]. It combines 
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two main components: model fit and model complexity. BIC measures the extent to 

which the model can explain the observed data. The better the model explains the data, 

the higher the model fit value. In other words, BIC favors the model that provides the 

most accurate representation of the data. Model complexity is related to the number of 

parameters used in the model. BIC penalizes model complexity by decreasing the 

model score as the number of parameters increases. This helps prevent overfitting, 

where the model over-adapts to the training data and loses its general ability to gener-

alize to new data. 

 

BIC can be formulated as follows: 

 

 =  −2 ∗ log +  ∗ log    (1) 

 

Where: 

- L is the maximum likelihood of the model against the data. 

- k is the number of parameters in the model. 

- n is the number of data samples. 

The best model selection is done by choosing the model that produces the lowest BIC 

value. A lower BIC value indicates a good balance between model fit and model com-

plexity, so the model is considered better in the context of statistical modeling. BIC is 

often used in selecting the optimal number of clusters in cluster analysis. 

 

The clustering process is carried out using the Gaussian Mixture Model (GMM) method 

with the number K which has been obtained from the Bayesian Information Criterion 

(BIC) results. GMM is a clustering algorithm that can identify data groups with differ-

ent Gaussian distributions [13]. The use of K as the number of clusters that have been 

optimized from BIC helps ensure that the results and the number of clusters to be cre-

ated are the best results. After obtaining the clustering results, the next step is to explore 

the data from each cluster for inference. This involves analyzing the unique character-

istics of each cluster, such as purchasing patterns, product preferences, or consumer 

behavior. This information will provide deep insights into customer segmentation and 

help formulate more targeted business strategies. Data exploration on the clustering 

results may include creating visualizations, descriptive statistics, and additional mod-

eling if needed. The main purpose of this exploration is to identify patterns or trends 

that can form the basis for strategic decision-making. Business strategy conclusions can 

be drawn after understanding the differences and similarities between customer groups. 

 

The material or dataset used in this research is public data taken from the kaggle web-

site. This research used the marketing_campaign.csv dataset with 29 attributes and 

2240 rows. The experiment used Lenovo V14 laptop as client and a dedicated server 

with an NVIDIA Tesla P4 GPU under Google Colab. Python libraries such as NumPy,  

Pandas and Scikit Learn is used to facilitate data manipulation and model implementa-

tion. Jupyter Notebooks facilitates data exploration, visualization, and documentation 

of research results.  
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3 RESULTS AND DISCUSSION 

This section shows the results of clustering using the Gaussian Mixture Model (GMM) 

algorithm. First, analyze the attributes that will be the focus of this clustering process 

such as: “MntWines”, “MntFruits”, “MntMeatProducts”, “MntFishProducts”, 

“MntSweetProducts”, and “MntGoldProds”. These attributes influence single im-

portant attribute called “Spending” which represents the total consumer expenditure. 

This process aims to summarize the contribution of each attribute to total spending, 

facilitating more effective analysis of consumer patterns and behaviors. This approach 

allows for more focused analysis on specific aspects of consumer behavior, providing 

deeper insights into preferences and spending trends within each category. 

 

 
Fig. 1. Cumulative PCA variance 

Next, using PCA to reduce dimensionality and improve efficiency. The PCA results 

can be seen in Figure 1. Components that are in PCA and have a high contribution will 

be applied to the GMM clustering algorithm. This result leads to determine the best 

number of clusters using the BIC algorithm. Figure 2 shows that the optimal parameters 

and number of clusters are using the diag parameter with the number of clusters 4. After 

clustering, the next step is to analyze and draw conclusions as follows: 

a) Analysis of the Number of Clusters 

Figure 2 shows the cluster data obtained from the calculation results using the Gaussian 

Mixture Model, there are 4 clusters. The proportion of customers is dominated by clus-

ter 3 as much as 32%, followed by cluster 4 as much as 30% and cluster 2 as 27%, the 

rest are minority clusters 0 with value of 10%. 

 

 
Fig. 2. Cluster Distribution 

a) Expenditure and Income Analysis 
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Analytion result shows that based on the distribution of expenditure and income, cluster 

3 tends to have the highest total expenditure compared to the amount of income, but the 

results of the analysis show that clusters 1 and 3 also have fairly high incomes but with 

less expenditure compared to other clusters. 

 

 
Fig. 3. Total Expenditure of Each Cluster 

b) Marital Status Analysis 

Another analysis results, shows that cluster 2 shows the most significant number of 

customers with the marital status of "married" and "living together" compared to other 

clusters. This position is followed by cluster 1 and cluster 3, which also show a few 

customers with similar marital status. 

  

 

 

 

 

 

 

 

 

 
(a) Child distribution in each cluster (b) Distribution of teenagers in each cluster 

Fig. 3. distribution in each cluster 

Figure 3.a illustrates that in cluster 1, only households with members from that group 

have children. Although cluster 2 has a diverse distribution of marital status and the 

largest number of customers, interestingly, none of them have children. On the other 

hand, Figure 3.b shows that all clusters including cluster 1 and cluster 2, have teenagers 

in their households. Figure 4 illustrates that each cluster shows almost similar product 

purchasing patterns, which means that so far, there is no significant difference in the 

number of items purchased by customers in each cluster. Several marketing strategies 

and business actions that can be taken are as follows: 

a) Emphasis on Health and Active Lifestyle 

Given that clusters 1 and 3 show a tendency to have significant spending on wine prod-

ucts, marketing strategies can be focused on promoting products that support a healthy 

and active lifestyle. Providing information related to the health benefits of wine con-

sumption or even offering special offers for health products that are in line with the 

preferences of this cluster can increase customer appeal and satisfaction. 
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Fig. 4. Distribution of Customer Purchasing Products 

b) Increasing Sales of Fruit, Meat and Fish Products: 

Given that clusters 1 and 3 tend to buy a lot, marketing strategies can be focused on 

promoting fruit, meat, and fish products, including bundling offers or special discounts 

for these products. Providing packages that include various types of healthy food prod-

ucts can be an additional attraction for customers in this group. Thus, the company can 

take advantage of these consumer tendencies to increase sales of fruit, meat and fish 

products, while providing greater added value to customers. 

c) Education for Low-Spending Clusters 

For cluster 4, which tends to have lower spending, the focus of marketing strategies can 

be directed at educating customers about the value and benefits of the product, as well 

as special offers that are economically beneficial. 

 

V. CONCLUSION 

Based on the analysis that has been done, the following conclusions can be drawn. Da-

taset before clustering requires a data preprocessing stage and a feature selection stage 

is essential to ensure that the variables used in the analysis have a significant contribu-

tion. Selecting the right variables not only improves the accuracy of the clustering re-

sults but also helps avoid unexpected results in the cluster. In addition, the results of 

this analysis provide insight into the segmentation of buyer preferences and behavior. 

This data is expected to be used to design a more optimal and efficient business strategy. 

Further development of this case can be done by implementing the following sugges-

tions. First, utilizing more diverse data, using data covering different geographic re-

gions, can produce more representative and generally applicable rules. Second, consid-

ering external factors such as seasonality, market trends, or special events in the analy-

sis process can provide additional perspectives on understanding buyer segmentation.  
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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